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ties can become useful option for selected patients with metastatic 
pulmonary tumors with keeping radicality and low-invasiveness. 
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Background: Recent progress of computerized tomography (CT) 
offered a new alternative to detect micro-lesions in the respiratory 
system. Furthermore, the state-of-the-art positron emission tomogra-
phy offered a new opportunity to ﬁnd out the lung tumor in the very 
early stage. However, such ﬁne lesions are often too small to be found 
out under the video scope, and too soft to be distinguished with the 
surgeons’ ﬁnger touch. To solve this problem, we have developed a 
magnetic navigation system that could identify the location of a micro-
magnetic marker, which was embedded near or at the tumor site before 
surgery.
Methods: The magnetic navigation system we developed mainly 
consists of a powerful micro-magnetic transmitter made of very 
strong magnet, three micro-ﬂuxgate magnetic sensor probes forming a 
triangular prism, a 16-Bit A/D converter, a data analyzer, a down-scan 
converter, and an image monitor (see Fig. 1). The virtual image of the 
transmitter is then generated and superimposed on the endoscopic im-
age monitor through the down-scan converter in real-time. 
Image overlay: In order to make an accurate superposition of a magnet 
on the display, we used the direct projection matrix method using vir-
tual sample points inside the patient’s body. In this system, we can use 
any type of endoscopes with, either direct or oblique-viewing.
Protocol for clinical application: The patient received the right thora-
cotomy and a magnet was placed on the lung with transbronchial mark-
ing under CT guidance, and the set of the magnetic navigation system 
was settled down on the thoracic cavity. After the image injection 
calibration, the real location of the lesion including the small magnet at 
the vicinity of the tumor could be superimposed on the video monitor 
display 
Results: We could do the thoracoscopic surgery of the lung partial 
resection with our magnetic navigation system.
(1) Our magnetic navigation system could identify the real location 
of the lesion of the small magnet on the video monitor display and 
superimpose the real movement of the target on the display.
(2) We could take the magnetic marking lesion away under the guidance 
of our magnetic navigation system with the oblique-view scope.
Conclusions: Our magnetic navigation system may be very useful 
when the tumor lesions are too small to be found out where it is under 
the video-assisted thoracoscopy, and too soft to be distinguished with 
the surgeons’ ﬁnger touch. 
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Background: Partial lung resection is one of the most important and 
standard procedure for benign lung lesions and some malignant tumors. 
Several endoscopic staplers are required for partial lung resection in 
video-assisted thoracic surgery (VATS). When the lung is resected us-
ing the staplers that hold it, the lung parenchyma is often squeezed to 
the distal side of the stapler. Thus, another stapler has to be required for 
complete resection. Now, we have developed a new device for VATS. 
Method: A new device named “double-hook retractor (DHR)” com-
prises a sterilized disposable endotracheal ﬂexible stylet. (ﬁg.1) This 
device can be easily reshaped as the cutting line of the lung that is to 
be resected. When we performed partial lung resection by staplers, the 
staplers are ﬁred as usual so far as the lung that is to be resected leaves 
the width of lung tissue which another stapler will ﬁnish to resect. DHR 
is used for pushing the lung parenchyma to the proximal side of the 
stapler to prevent it from being squeezed away by the stapler when the 
lung is about to be resected by the last stapler. (ﬁg.2) 
Results: 5 patients underwent VATS partial resection with DHR (2 for 
indeterminate pulmonary nodule, 3 for metastatic lung tumor). The use 
of DHR succeeded in retracting the lung parenchyma by 8-10 mm to 
the proximal side of the stapler and reducing the number of staplers to 
